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Abstract
Purpose: To observe the effects of the walking workstation on work productivity
(mouse clicking and typing test) and selected physiological variables (weight, resting
blood pressure (BP), resting heart rate (HR), body mass index (BMI) body
composition, and glycosylated hemoglobin (HgA1c)). Methods: Eight sedentary
university workers (42.4 + 13 yr, 73.9 ± 10.6 kg) completed an eight week
intervention incorporating the walking workstation into their normal day. Subject
access to the workstations was not restricted; there was no time requirement for use.
All subjects completed and submitted weekly logs of the time and speed the
workstation was used. Measurements were tested at the beginning and end of the
eight weeks. Work productivity variables were also measured in the middle of study.
Results: Although slight reductions were found in average BP (SBP: 6.3 +
4.17mmHg, DBP: 3.0 + 2.39mmHg), weight (0.86 + 0.71kg), BMI (0.13 +
0.22kg/m2), and percent body fat (0.05 + 0.40) these changes were not significantly
different (p>0.05). No significant (p=0.70) differences were found on the corrected
typing percent based on body position (standing or walking) or test session (pre, mid,
post). A significant increase (p=0.023) was found from pre to post mouse clicking
speed. However, no significant difference was found between test session and body
position on mouse clicking speed. Conclusions: The walking workstation did not
hinder work productivity. If workstation use was consistent and long term, the
walking workstation has the potential to improve physiological variables.

Key Words: Walking Workstation, NEAT, Work Productivity
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Chapter I- Introduction
The U.S. Census Bureau suggests that three quarters of American workers are
sitting in front of a desk every day at work (US Dept of Commerce 2005). It is not
surprising that with the increase in sedentary professions, the obesity rate has also
increased (CDC 2010). Individuals spend less time participating in physical activity,
exercise and nonexercise physical activity, and at least half their day sitting (Hamilton et
al 2007). There is endless information stating the importance of physical activity with
regard to mortality (Mayo Clinic 2009). In response to the increased need to expend more
energy throughout the day, the walking workstation was created to assist in the battle
against the negative effects of sedentary office professions (Matthews et al 2007).
The walking workstation concept was influenced by Dr. James Levine from the
Mayo Clinic to increase nonexercise activity thermogenesis, also known as NEAT
(Matthews et al 2007). Nonexercise activity thermogenesis (NEAT) is the energy
expended for everything that is not sleeping, eating, or sports-like exercise (Levine
2004). Increasing NEAT has been reported to increase the amount of calories expended
by 100kcal/hour (Levine and Miller 2007). An increase in NEAT can alter energy
balance, thus increasing energy expended. The walking workstation is a slow paced
treadmill with a desk attached to it (Matthews et al 2007). The treadmill speeds range
from 0.3 to two miles an hour (Matthews et al 2007).
Both men and women in sedentary professions could obtain the benefits of the
walking workstation. More specifically in women, it has been observed that when energy
is expended from exercise, the body increases the blood concentration of hunger
hormones (Hagobian et al 2008, Meijer et al 1990). The increase in hormones causes the
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body to replenish/maintain energy stores by increasing the need to consume food
(Hagobian et al 2008). The female body, attempting to maintain homeostasis, has been
found to increase the release of acylated ghrelin and lower insulin concentration which
may stimulate greater energy intake at the beginning of exercise compared to men
(Hagobian et al 2008). In a study completed by Donnelly et al (2003) a sixteen week
aerobic exercise intervention was performed with men and women while an ad libitum
diet was maintained. At the end of the study only the men saw weight loss occur while
women did not gain nor lose any weight when compared to the control group (Donnelly
et al 2003). Thus, the walking workstation may have a higher value in women to
encourage weight loss.
Statement of the Problem
It has been recommended that to lose weight, you must be in a negative energy
balance. Increasing the amount of calories expended during NEAT may contribute to
assisting the body and limiting the release of appetite hormones, thus contributing to
weight loss (Reynolds 2010). Little research has been conducted in observing the walking
workstation. In the few studies using the walking workstation, the effects of walking on
work productivity over single use was observed (Levine and Miller 2007, Matthews et al
2007). One study examined the feasibility of the walking workstation (Thompson et al
2008). However, no studies have examined the effects of the walking workstation over
time on physiological measurements and work productivity.
Therefore, the purpose of the study is to observe the effects of the walking
workstation on work productivity (mouse clicking and typing speed) and selected
physiological measurements (weight, resting blood pressure, resting heart rate, body
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composition, glycosylated hemoglobin (HgA1c) over eight weeks. It is hypothesized that
incorporating the walking workstation will improve resting blood pressure and heart rate,
yield positive changes in body composition, improve hgA1c, and maintain similar typing
and mouse clicking speeds as compared to standing.
Null Hypothesis
It is hypothesized that walking on the walking workstation will not yield
significant results in typing and mouse skills, resting blood pressure and heart rate, body
composition, and glycosylated hemoglobin (HgA1c).
Assumptions
The assumptions for this study are:
1. The physical activity guidelines set forth by the Center for Disease Control (CDC)
and the ACSM are an accurate standard to classify active behavior.
2. Participants were realistic in their self-assessment of their physical activity
behaviors and correctly categorized themselves as sedentary (and/or meeting the
guidelines for health benefits).
3. Subjects maintained the same physical activity level apart from incorporating the
walking workstation.
4. Subjects incorporated the walking workstation into their sedentary job.
5. Subjects maintained an accurate log of usage for the walking workstation.
6. Subjects followed pre-exercise testing instructions including; avoiding exercise,
caffeine, and energy drinks twenty-four hours prior to data collection.
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Limitations
The limitations of the study are:
1. The study commenced shortly after New Years. New Years resolutions may have
altered the activity level of the subjects and possibly altered the measured results
of the walking workstation.
2. The CDC/ACSM physical activity guidelines were used to determine activity
level of subjects.
3. The walking workstations had limited availability.
4. Walking workstations were in an inconvenient location for some subjects.
5. Winter weather and sickness may have limited workstation use.
Delimitations
1. Subjects were limited to sedentary population from the James Madison
University.
2. Participants used a Fit Work walking workstation.
3. Pre, mid, and post testing walking workstation speed was standardized to 1.0mph
Importance of Study
This is the first known study to investigate the effects of the walking workstation
over eight weeks and measurement of work productivity and selected physiological
variables (resting blood pressure, resting heart rate, body composition, HgA1). The
majority of previous research has been limited to short term (single time use) with limited
or no measurement of physiological variables.
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Determining the physiological response of walking workstation will add practical
findings on the usability of the walking workstation in a normal day. The study will
identify limitations and benefits of the workstation. This information will help identify
the importance of increasing NEAT and physical health.
Definition of Terms
Dual Energy X-Ray Absorpitometry (DEXA): is a measurement of body composition
by using a three compartmental measurement (bone, lean tissue and fat mass) (ACSM
2009). The DEXA uses two low dose radiation beams to scan the full body (ACSM
2009).
Non-Exercise Activity Thermogenesis: is the energy expended during all activities that
are not sleeping, eating, or sport like activities (Levine 2002). The topic is broad and
encompasses energy expended walking to work, typing, yard work, daily activities, and
fidgeting (Levine 2002).
Walking Workstation: The walking workstation is a slow paced treadmill (less than two
miles per hour) with a computer and desk attached. The walking workstation has no
incline and the maximal walking speed is two miles per hour. The computer is
completely functional and can be used during walking to continue working while
increasing energy expenditure (Thompson et al 2008).
Work Productivity: Work productivity was measured by a typing and mouse clicking
test. For the typing test, the amount of errors made and words typed per minute were
measured pre, mid, and post. The mouse clicking test was measured by how long it took
the subject to click on thirty-five images.

Chapter II- Literature Review
Nonexercise Activity Thermogenesis (NEAT)
NEAT is part of the thermic effect of activity (TEA) and contributes to the energy
balance equation (Novak et al 2007). NEAT makes up eight to fifteen percent of total
energy expenditure (Ravussin et all 1986). Fidgeting-like [the movement of limbs i.e.
foot tapping, finger moving etc] activities are a part of NEAT (Levine et al 2000). Levine
et al (2000) observed individuals sitting and standing while being still and fidgeting.
When compared to lying in supine position, still and seated position increased energy
expended by 4+6% (1.3+0.4 kcal/min) while seated and fidgeting position increased
energy expenditure 54+29% (2+0.6kcal/min), standing increased expenditure 13+8%
(1.5+0.4kcal/min) and standing while fidgeting energy expended was 94+38%
(2.5+0.7kcal/min). This demonstrated how increased fidgeting increased energy
expenditure (Levine et al 2000). A study with one hundred seventy-seven participants
(103 males and 74 females, ranging in age from 18-65years) was conducted in a
respiratory chamber for twenty-four hours to measure total energy expenditure (Ravussin
et al 1986). The differences in energy expended, after body composition was accounted
for, were attributed to spontaneous physical activity, such as fidgeting (Ravussin et al
1986). Fidgeting accounted for 100-800kcal expended/day, associated with participants
fidgeting for 3.9-16.6% of the twenty-four hour observation (Ravussin et al 1986).
The effects of low NEAT energy expenditure may also contribute to the
development of chronic diseases: obesity, type II diabetes, and cardiovascular disease
(Hamilton et al 2007, Morris et al 1953). A comparison of posture position [laying,
sitting, standing and ambulate], between lean (five males and five females) and obese
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subjects (five males and five females) observed that obese subjects sat for one hundred
sixty-four minutes longer than their lean counterparts (Levine et al 2005). If the obese
subjects participated in the same posture activities as the lean group, additional calories,
352+65 kcal/day, could have been expended (Levine et al 2005). NEAT may be inversely
related to overeating (Levine et al 1999, Novak et al 2007). Levine et al (1999) observed
that when sixteen non-obese subjects (twelve males, four females, twenty-five to thirtysix years) consumed an excess of 1000kcal above energy balance, the activation of
NEAT was decreased and a tenfold increase in fat storage (average fat gain of
389kcal/day) was observed (Levine et al 1999). It was suggested that the changes in
NEAT contributed the resistance to fat gain. An average increase in NEAT of
336kcal/day was seen during overfeeding (Levine et al 1999). The subjects that had a
lower activation of NEAT during overfeeding had greater fat gain and inevitably a higher
risk of becoming obese (Levine et al 1999). Weinsier et al (2002), observed the effects of
free living activity such as exercise (walking or cycling) and nonexercise activities (going
up and down the stairs or cooking etc) in forty-seven premenopausal women (34 + 6yrs).
After one year of following baseline observations, the subjects were categorized as
weight maintainers and gainers. It was found that lower activity energy expenditure
explained approximately 77% of the weight gained in a year, with an average difference
of 212kcal/day in maintainers and gainers. Lower activity energy expenders had on
average an increase of 8.9kg of fat mass and 1.6kg of lean body mass when compared to
those who were in the maintainers group, after the 1.1 year follow up (Weinsier et al
2002). A two year study examined the risk of coronary heart disease between 9,500
London bus conductors and 15,500 bus drivers all aging from thirty-five to sixty-four
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years old (Morris et al 1953). Morris et al (1953) found that the bus drivers, who sat the
whole day, had a higher death rate from coronary heart disease than the conductors who
were constantly moving (Morris et al 1953). During a three year follow up, those who
suffered from an attack during the initial study saw a higher mortality rate in drivers
(60%) compared to conductors (40%) after three years (Morris and Raffle 1954). The
Shanghai Women’s Health Study followed 67,143 subjects for 5.7 years to examine the
effects of exercise, mode of transportation, and NEAT (Matthews et al 2007). The
women who participated in regular exercise, cycled for transportation and participated in
a higher level of NEAT had a twenty to fifty percent lower risk for early mortality, thus
supporting that higher levels of NEAT may delay the effects of chronic diseases
(Matthews et al 2007).
The Walking Workstation
More research with the walking workstation is beginning to emerge. The few
studies available have found that using the walking workstation will increase energy
expended (Levine and Miller 2007, Straker et al 2009, Thompson et al 2008). A
significant effect on heart rate (F=24.22, p<0.001) and rate of perceived exertion (F=
37.98, p<0.001) was found when a walk or cycle workstation was compared to sitting
(Straker et al 2009). The study observed thirty office workers completing standard
keyboard skills, mouse clicking, and a combination of keyboard and mouse clicking in
six body positions: sitting, standing, walking at two speeds, and cycling at two speeds
(Straker et al 2009). When walking at 1.6km/h, the heart rate was similar to when the
subjects were standing (Straker et al 2009). Another study observed the amount of
calories, fifteen sedentary obese individuals, expended over one hour of walking at a
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selected pace on the walk and work station (1.1 (0.4) mph) (Levine and Miller 2007). The
average calories expended during the use of the walk and work desk was 191kcal/h + 29
compared to sitting which expended 72kcal/h + 10 (Levine and Miller 2007). Levine and
Miller (2007) predict that the use of a walk and work desk could expend 100kcal/hour,
potentially meaning that an individual could lose 20-30kg/yr if two to three hours every
day was spent walking instead of sitting. Thompson et. al. (2008) found that the walking
workstations promoted physical activity and have potential to facilitate weight
management/loss. The use of a walking workstation increased steps taken during the
work day from 2200 to 4200 (Thompson et al 2008). The study used eight employees
from the Executive Health Program at the Mayo Clinic (Thompson et al 2008). There
was no set protocol for this study. Subjects used the workstation when they wanted, set
their own pace, and ended when they wanted (Thompson et al 2008). Based on a
conversion, the step counts were calculated into calories expended during walking which
averaged an increase of 100kcal/day (Thompson et al 2008).
Concerns about work productivity while using the walking treadmill have
surfaced (Edelson and Danoff 1989, Straker et al 2009). Straker et al (2009) studied the
effects of sitting, standing, walking at 1.6km/h and 3.2km/h, and cycling at five and thirty
watts. The typing speeds decreased when the subjects moved from sitting (54.4wpm) to
walking: 1.6km/h (50wpm) and walking: 3.2km/h (49.6wpm) (Straker et al 2009). On
average, the mouse performance decreased by 14% and the error rate increased by 106%
during all walking compared to sitting performance and error rate (Straker et al 2009).
One study observed the effects of walking on selective attention and processing speed,
typing speed, mouse clicking and drag/drop speed, and GRE math and reading
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comprehension in twenty subjects (eleven males (24.6+3.5years) and nine females
(27+3.9years)) (John et al 2008). Participants had no acclimation to the workstation prior
to testing (John et al 2008). Mouse clicking (a decrease in mouse clicking by 8% during
walking), mouse drag and drop (decreased by 6% during walking), typing speed
(decreased by 3.3 + 4.7 average words per minute while walking), and math solving
scores were significantly (p<0.05) higher in a seated position (John et al 2008).
Insignificant differences (p>0.05) were found between sitting and walking for selective
attention/ processing speed and reading comprehension (John et al 2008). However,
Edelson and Danoff (1989) and Thompson et al (2008) have found no significant changes
in computer capabilities.

Edelson and Danoff (1989) measured keyboard tasks

(transcribing) during the use of the walking workstation and while sitting in 5 sedentary
office workers. Subjects transcribed six word processing documents and no difference
was found between sitting and walking at a self selected pace (Edelson and Danoff 1989).
Thompson et al (2008) identified work productivity in participant’s perception via a
questionnaire. Subjects on average felt neutral that their work productivity was affected
during walking (Thompson et al 2008). A different perspective on work productivity
found that when nine young adults (22-37yrs) walked on the workstation, more of their
attention was on walking instead of cognitive performance (Regnaux et al 2006).
Reaction time was measured by timing how long it took subjects to bite a pressure
transducer once the subject felt a small electrical stimulation on the back of the neck
(regnaux et al 2006). Reaction time increased from 225ms to 259ms (during simple
conditions) and 419ms to 439ms (during complex conditions) when subjects went from
sitting to walking respectively (Regnaux et al 2006).
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In addition, the walking workstation has been seen to have benefits other than
increasing physical activity (Edelson and Danoff 1989). Stress levels and arousal were
significantly (p<0.05) decreased and increased, respectively, when office subjects (n=5
(one male and four female), 19-40 years) walked at 1.4km/h or 2.8km/h (Edelson and
Danoff 1989). Providing the walk and work station may also provide enthusiasm to move
during a typically sedentary occupation and assist in breaking up the repetitiveness of a
workday (Levine and Miller 2007, Straker et al 2009, Thompson et al 2008). Thompson
et al (2008) found that in twenty-five subjects that the workstations provided the users a
feeling of being “energized”.
Effects of Walking
The following studies examined the benefits of walking. Murphy et al (2006),
developed an eight week walking intervention for thirty-seven (twenty-four females,
thirteen males, average age 41.5 + 9.3yrs) sedentary office workers. Subjects were
required to walk forty-five minutes at a self selected pace two times a week (Murphy et al
2006). On the days the subjects walked, the total steps taken significantly increased
when compared to days not walking, 9303+2665 and 5803+2749 respectively (Murphy et
al 2006). Systolic blood pressure (SBP) significantly decreased in the intervention
(walking) group, pre testing SBP was 120.4mmHg while the post testing SBP was
115.4mmHg (Murphy et al 2006). Body fat percent remained the same in the walking
group but the control group increased percent body fat, from 25.9% to 27.7%. Increasing
walking to at least 10,000 steps a day has been seen to improve glucose tolerance and
blood pressure (Iwane et al 2000, Swartz et al 2003). Over an eight week intervention,
obtaining 10,000steps/day, the eighteen overweight women participants (53.3 + 7y, BMI
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35 + 5.1) saw an 11% decrease (9.4 + 0.7mmol/L to 8.6+0.7mmol/L) in two hour post
load glucose level (Swartz et al 2003). Iwane et al (2000), saw that during a twelve week
study with thirty-two male (47+1y) hypertensive (BP> 140/90) subjects, walking at least
10,000 steps/day lowered systolic blood pressure from 149 + 2.7mmHg to 139+
2.9mmHg and diastolic from 98.5+ 1.4mmHg to 90.1+ 1.9mmHg. The average steps
taken were 13,510 a day (Iwane et al 2000).
Another study that lasted eight weeks observed the effects of walking on bone
mass density (Habubzadeh 2010). Untrained women (20-25 years of age) participated in
a walking program and walked for thirty minutes at 50-75% HRmax three times a week.
Only individual significant increases in bone density were observed at the hip and lumbar
spine (Habubzadeh 2010). Additionally, the concentration of oestrogens, found by
radioimmunoassay kits, was significantly higher in the walking group than the control,
60.2+18.8pg/ml and 38.0+10.6pg/ml (Habubzadeh 2010). Another study observed the
effects of different exercise intensities and volume on plasma lipoproteins (Duncan et al
1991, Kraus et al 2002). Three exercise groups were created for a six month intervention.
The groups were: 1) high amount- high intensity, 2) low amount- high intensity, and 3)
low amount- moderate intensity (Kraus et al 2002). The high amount- high intensity had
the most effect on lipid profile. Because the low amount- high intensity did not see as
many significant results, Kraus et al (2002) found that the amount of exercise lead to the
most improvements in plasma lipoproteins. Although the low amount did not
significantly change results, the eighty-four subjects (52.3+7.8y) in the low amount
categories did not see as much weight gain or worsening of the lipoprotein profile as the
control group (Kraus et al 2002). Duncan et al (1991), observed the effects of walking
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intensities on premenopausal women. The exercise intensities included: aerobic walkers,
brisk walkers, and strollers (Duncan et al 1991). They found that those who walked at a
low intensity (4.8km/h) compared to the high intensity (8.0km/h) both had a six percent
increase in HDL cholesterol.
When observing the effects of walking there are many limitations. Murphy et al
(2006) saw no change in: fitness, body mass, waist/hip circumference, diastolic blood
pressure, CRP, and lipoproteins during twice a week (fprty-five minutes) self selected
walking pace in thirty-seven subjects (twenty-four females and thirteen males, 41.5 +
9.3y) over eight weeks. The reason for no change may be the low frequency of walking.
During a short term intervention, the subject variability may significantly contribute to
the variations in results (Habubzadeh 2010). In a study completed by Davis et al (2008),
no significant differences in CRP, plasma fibrinogen, total cholesterol, LDL or HDL
cholesterol was observed one hour after a single bout of exercise at 50% and 70% of age
predicted heart rate max. Limitations may be contributed to the fact that the subjects were
postmenopausal women (Davis et al 2008).
Physical Activity in Women
The following studies discuss the effects of exercise in women. Hagobian et al
(2008) observed eighteen (nine males and nine females) overweight/obese subjects.
Subjects participated in four exercise sessions with energy added to baseline diet to
compensate for energy expended and four exercise sessions without energy added to
baseline diet, so subjects were in an energy deficit (Hagobian et al 2008). The female
subjects had increased acylated ghrelin (32% and 25% compared to baseline after energy
deficit and balance respectively) and lower insulin levels (28% and 15% compared to
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baseline after energy deficit and balance respectively) at the initiation of exercise
compared to men, thus, contributing to the stimulation of hunger (Hagobian et al 2008).
Similarly, a study done by Meijer et al (1990), observed thirty-two (sixteen males and
sixteen females) sedentary subjects over twenty weeks to compare physical activity and
average daily energy expenditure. Energy expenditure was measured during sitting,
standing, walking at 3km/h, 5km/h, 7km/h and running at 10km/h (Meijer et al 1990).
Meijer et al (1990) found that metabolic response after exercise was greater in men than
women (+908.2kcal/day and +430.2kcal/day respectively). Also, the energy expended
during NEAT was +0.2Mj/day in men and zero for females. This may also contribute to
the difference in kcal expended a day between genders (Meijer et al 1990). To compare
the differences in women and men, two studies were completed that observed the effects
of the same protocol on men and women (Stubbs et al 2002, Stubbs et al 2002). A total of
twelve (six men and six women) subjects were observed in three levels of exercise: a
sedentary routine, moderate exercise, and high levels of exercise (Stubbs et al 2002,
Stubbs et al 2002). Food intake was ad libitium (Stubbs et al 2002, Stubbs et al 2002).
The studies found that when exercise intensity and daily energy expenditure increased
(No exercise=9.2mJ/d, moderate exercise=11.9mJ/d, and high exercise=12.1mg/d),
women also increased in compensation and increased energy intake by ~30% (Stubbs et
al 2002). The men on the other hand did not increase ab libitum consumption when
energy expenditure increased (No exercise= 11.7mJ/d, moderate exercise=12.9mJ/d, and
high exercise=16.8mg/d) (Stubbs et al 2002, Stubbs et al 2002). Similarly, Pomerleau et
al (2004) found that high intensity exercise increased energy intake in women. Subjects
were divided into three groups, the control group remained seated, a low intensity

15

exercise group walked on a treadmill at 40%VO2 peak, the third group walked on a
treadmill 70%VO2 peak (Pomerleau et al 2004). The low and high intensity exercise
expended on average 351+1kcal and 349+10kcal respectively when compared to the
control group (Pomerleau et al 2004). Diet consumption after the intervention was
observed for protein, carbohydrate, and fat consumption (Pomerleau et al 2004). It was
seen that after high intensity and low intensity exercise more carbohydrates were
significantly consumed compared to the control (control= 274.9g, low= 288.5g, and
high= 318.6g) (Pomerleau et al 2004).
Physical activity, not only exercise, has been seen to increase calories expended
(Anderson et al 1999, Weinsier et al 2002). Anderson et al (1999) compared structured
exercise to moderate lifestyle activity changes while controlling diet consumption
(1200kcal/d) in forty obese women. Weight loss, cholesterol level, systolic blood
pressure, and maximum oxygen consumption significantly improved between both
groups (Anderson et al 1999). Change in body fat was significantly different between the
aerobic group and the lifestyle group (7.4 kg and 6.2kg respectively). However, after the
one year following the intervention, the lifestyle intervention group regained on average
0.08kg while the exercise group regained 1.6kg (Anderson et al 1999). The increase in
free living activity and light activity has been seen to have increase energy expenditure
(Pate et al 2008, Weinsier et al 2002). Light activity increases metabolic rate and the
accumulation can significantly increase total daily energy expenditure, because the MET
level of being sedentary is 1.25 while light activity has a MET level of 2.2 (Pate et al
2008). Weinsier et al (2002) attributed low energy expenditure during low intensity
physical activity to account for approximately 77% of weight gain in individuals.
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Conclusion
Exercise is known to improve health. Just walking, by itself, can have health
benefits that

increase weight

management/loss,

bone density,

lipid profiles,

cardiovascular efficiency, and metabolic pathways largely due to the increase in energy
expenditure (Duncan et al 1991, Habubzadeh 2010, Iwane et al 2000, Kraus et al 2002,
Meijer et al 1990, Murphy et al 2006). However, nonexercise activity thermogenesis has
been found to have a large impact on daily energy expended (Levine et al 2005, Levine et
al 2000, Matthews et al 2007, Novak and Levine 2007, Ravussin et al 1986). With the
understanding that a greater amount of energy expended aids in the prevention of disease,
NEAT has been specifically looked at to assist in the prevention of disease (Hamilton et
al 2007, Levine et al 1999, Levine et al 2005, Matthews et al 2007, Morries et al 1953,
Novak et al 2007). Increasing energy expended during NEAT may prevent the body from
releasing more appetite hormones in women and allow for excess energy expenditure
(Hagobian et al 2008). The walking workstations have the potential to increase
nonexercise activity thermogenesis energy expenditure during an hour of use (Levine and
Miller 2007, Straker et al 2009, Thompson et al 2008). This increase may contribute to
excess kilocalories being expended during a typical sedentary profession and to
improvement in work morale and energy without limiting the participants work
productivity (Edelson and Danoff 1989, Levine and Miller 2007, Thompson et al 2008).
However, with the lack of concrete information on the walking workstation and its health
benefits, more studies need to be completed to observe the effects of the walking
workstation.

Chapter III- Methodology
Subject Selection
Subjects were recruited by email at James Madison University. Emails were sent
to all faculty and staff. Subjects had to be sedentary by meeting a score of 3 or less (“I do
not exercise or walk regularly now, and do not intend to start in the near future” or “I do
not exercise or walk regularly, but I have been thinking of starting” or “I am trying to
start to exercise or walk, or I exercise or walk infrequently”) according to the Center for
Disease Control and American College of Sports Medicine physical activity guidelines
(Martin, Morrow, Jackson, & Dunn 2000). Subjects completed a medical history
questionnaire that was reviewed by a faculty physician. An informed consent form was
also completed by the subjects.
Eight subjects (one male and seven females) completed the study between
January 2011 to April 2011. The subjects that qualified for the study understood that the
study was observing the effects of the walking workstation on work productivity and
selected physiological variables. An orientation, pre test, data collection, mid and post
testing was completed by each subject following IRB approval.
Instrumentation
Subjects completed a pre, mid, and post testing session. During the pre and post
test, heart rate, blood pressure, body composition, glycosylated hemoglobin A1c, 24 diet
recall, and a mouse clicking and typing test while standing and walking at 1.0mph were
measured.

For the mid testing a standing and walking at 1.0mph mouse clicking and

typing test was measured.

18

Height & Weight
Subject’s height was measured with no shoes on a stadiometer (Novel Products
Inc, Rockton, IL). Subject’s weight was measured with minimal clothing and no shoes on
a balance scale (Sunbeam Products Inc Health-O-Meter, Boca Raton, FL). Height and
weight was measured to the nearest centimeter and tenth of a kilogram respectively.
Resting Blood Pressure and Heart Rate
Resting blood pressure (sphygmomanometer (American Diagnostic Corporation,
Hauppauge, NY) and Stethoscope (UltraScope, Charlotte, NC)) and heart rate
(WorldPoint Stopwatch, Wheeling, IL) were measured using manual measurements.
Subjects were requested to take the elevator to the Human Performance Laboratory where
they rested for five minutes before the measurements were taken.
Body Composition
Body composition was determined by dual energy x-ray absorptiometry (Lunar
Prodigy, GE Healthcare, Madison, WI ). The DEXA was calibrated the morning before
every use using the calibration box. The subjects were informed to remove all jewelry
and wear athletic clothes. Once properly placed on the DEXA table, Velcro straps were
used to secure the legs together. During the test, the subjects were asked to keep their
eyes closed until the scanning arm passed over their head. It was important that the
participants also lay as still as possible during the test. Once the test was completed
artifacts and body estimates occurred. The results were saved and printed.
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Glycosylated Hemoglobin (HgA1c)
Glycosylated hemoglobin was measured on a DCA 2000 (Bayer, Tarrytown, New
York). A fingerstick blood sample was used to determine HgA1c. The subject’s finger
was wiped with an alcohol swab and dried with gauze. A Tenderlett lancet was used to
prick the finger with the first drop of blood wiped away with gauze.
Twenty-four Hour Diet Recall
During pre and post testing a 24-hour diet recall was conducted. All food and
drink that was consumed during the twenty-four hours leading up to the day of testing
was recorded see Appendix I. The recall data was analyzed using Diet Analysis+ 10.0
software. Total calorie, carbohydrate, fat, and protein intake were determined.
Typing Test
The typing test was measured pre, mid and post intervention. The tying test was
administered by an online free typing test program (typingtest.com). The typing tests
consisted of different stories (Aesop’s Fables, The Wizard of Oz, Daily News, Tigers of
the Wild etc) that required subjects to re-type. Different typing stories were given during
every test (pre, mid, post, standing and walking). Subjects were instructed to type as fast
as they could for one minute. Subjects could correct errors if they chose, understanding
that time would not stop. The typing program recorded the number of errors made, words
per minute (wpm) typed, and a corrected wpm (accounting for errors made). Typing data
is reported as corrected typing percent, determined from taking (corrected wpm/total
wpm* 100).
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Mouse Clicking
The mouse clicking test was administered through a free online mouse clicking
test (http://www.customsolutions.us/mouse/Modules.htm). Subjects had to click on small
icons, a total of thirty-five, which appeared one at a time on the computer screen.
Subjects were instructed to click directly on top of the icon and to go as quickly as
possible. The test timed how long it took subjects to click through all the icons. The
mouse clicking test was taken standing and walking during pre, mid and post testing.
Mouse clicking results are given in seconds it took to complete the test.
Experimental Design
Subjects in this study served as their own control and completed orientation, pre
testing, the walking workstation intervention, and post testing. The intervention of the
walking workstation include the use of two (FitWork Walkstation, Grand Rapids MI)
walking workstation located in the Health and Human Services Building at a James
Madison University.
Prior to starting the study, subjects completed an orientation session. The
orientation session included review of the medical history, informed consent form, and
acclimation to the walking workstation. The walking workstation is a made up of a desk
(ranges 24 ¼ inches to 52 inches high), and a treadmill (six inches off the ground). The
walkstation has a range of speed of 0.3-2.0mph. The walking workstation is equipped
with Windows 7. Subjects were instructed on how to place the emergency tethered cut off
cord and how to adjust the walking workstation height. Subjects walked on the
workstation until they felt comfortable with the workstation.
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The procedures for pre and post testing were the same. The twenty-four hour diet
recall was conducted first followed by the HgA1c measurement. The DEXA scan was
then completed with resting heart rate and blood pressure measurement following. Mouse
clicking and typing speed tests while standing then walking at 1.0mph was the last
measurements taken. To prevent testing effect various typing tests paragraphs were
administered. However, the same mouse clicking test was performed for every test.
The walking workstation intervention was completed over eight weeks. Subjects
obtained a key to the walking workstation room to allow subjects unrestricted access to
the workstations. The walking workstation session had no time commitment or
requirement. Participation and use of the workstation was dependent on the subject and
their time availability.
Statistical Analysis
PASW Statistics 18.0 was used for all statistical analysis. A paired t-test was used
to compare pre and post-intervention measurement (diet analysis, weight, BMI, blood
pressure, heart rate, body composition, and HgA1c). An ANOVA and MANOVA were
used to observe typing and mouse clicking speeds standing and walking, pre, mid, and
post testing. A prior significance was established at p < 0.05. Data is reported as means ±
Standard Error (SE) unless otherwise stated.

Chapter IV- Results
Participants
The purpose of this study was to observe the effects of the walking workstation on
physiological measurements- weight, resting heart rate (HR), resting blood pressure (BP),
body mass index (BMI), percent body fat (BF), hemoglobin A1c (hgA1c)- and work
productivity (mouse clicking and typing speed). Eight subjects, one male and seven
females, completed the study by using the walking workstation for eight weeks. All
subjects met the CDC/ACSM self-reported survey for being sedentary individuals prior
to the commencement of the study. Subject’s demographic data is presented in Table 1.
Subjects walked on average 57.80% + 6.00 of the possible eight weeks of the
intervention. There was no time requirement for the subjects to use the workstation;
however it was suggested that subjects attempt to use the workstation for 150 minutes a
week in order to meet the minimum minutes of physical activity recommended by the
CDC and ACSM guidelines. Walking speed per week was 0.83mph + 0.10. The distance
walked per week was 1.13miles + 0.18.
Table 1: Demographic and Orientation Data: Means (+ 1 SD)
Subjects (n)
Total (8)
Age (years) 42.4 + 13.00
Weight (kgs) 73.9 + 10.57
Height (cm) 163.8 + 7.88
Body Fat (%) 42.7 + 6.18
Table 2: Walking Data Per Week: Means (+ 1 SE)
Subjects (n)
Total (8)
Workstation Used (%) 57.8 + 0.06
Walking Speed (mph) 0.83 + 0.10
Distance (miles)
1.13 + 0.18
Time Walked (mins) 42.3 + 6.12
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Physiological Variables
Average differences for each of the variables were determined from the pre test
measurement to the post test measurement. A subject’s paired t-test determined any
significant differences between the pre and post test value for each of the variables.
Tables 3 through 8 show the results of the paired t-test for the average difference,
standard deviation, standard error, 95% confidence interval and statistical significance (p
value) from the pre test to the post test. Figures 1 through 7 illustrate the average pre and
post measurements with 95% confidence interval bars.
Blood pressure was taken during pre and post testing. The change in systolic and
diastolic blood pressure was not statistically significant (p = 0.177 for SBP and 0.250 for
DBP) indicating no difference in blood pressure after eight weeks. Systolic and diastolic
blood pressure decreased pre to post intervention by 6.25mmHg + 4.165 and 3.00mmHg
+ 2.39, respectively. Figures 1 and 2 represent the average SBP and average DBP during
pre and post tests, respectively.

Table 3: Blood Pressure Difference Pre and Post Walking Workstation

SBP (mmHg)
DBP (mmHg)

Mean
Std.
Std.
Difference Deviation Error Mean
6.25000 11.78073 4.16512
3.00000

6.76123

2.39046

95% Confidence
Interval
of Difference
Lower
-3.59894

Sig.
Upper (2- tailed)
16.09894
.177

-2.65253

8.65253

.250
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Figure 1: Average SBP Pre and Post Testing with 95%CI Bars

Figure 2: Average DBP Pre and Post Testing with 95%CI Bars
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The difference in HR was not statistically significant (p=0.631). There was a
slight average (+SE) increase in heart rate from pre to post intervention by 2bpm + 3.98.
Table 4: Heart Rate Difference Pre and Post Walking Workstation
95% Confidence
Interval
of Difference

HR (bpm)

Mean
Std.
Std.
Difference Deviation Error Mean
Lower
-2.00000 11.26309
3.98210 -11.41618

Sig.
Upper (2- tailed)
7.41618
.631

Figure 3: Average Heart Rate Pre and Post Test with 95%CI Bars

The difference in weight was not statistically significant (p=0.267). The average
(+SE) weight slightly decreased pre to post intervention by 0.859kg + 0.712
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Table 5: Weight Difference Pre and Post Walking Workstation

Weight (kgs)

Mean
Std.
Std.
Difference Deviation Error Mean
.85875 2.01398
.71205

95% Confidence
Interval
of Difference
Lower
-.82498

Sig.
Upper
(2- tailed)
2.54248
0.267

Figure 4: Average Weight Pre and Post Test with 95%CI Bars

The difference in BMI was not statistically significant (p=0.561). The average
(+SE) BMI slightly decreased pre to post intervention by 0.133kg/m2 + 0.217.

Table 6: BMI Difference Pre and Post Walking Workstation

BMI (kg/m2)

Mean
Std.
Difference Deviation
.13250
.61474

95% Confidence Interval
Std.
of Difference
Error
Sig.
Mean
Lower
Upper (2- tailed)
.21734
-.38144
.64644
0.561
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Figure 5: Average BMI Pre and Post Test with 95%CI Bars

The difference in percent body fat was not statistically significant (p=0.903).
Average percent (+SE) body fat measured by the DEXA decreased pre to post by 0.05%
+ 0.396.

Table 7: Percent Body Fat Difference Pre and Post Walking Workstation

Body Fat (%)

Mean
Std.
Std.
Difference Deviation Error Mean
.05000 1.11995
.39596

95% Confidence
Interval
of Difference
Lower
-.88630

Sig.
Upper (2- tailed)
.98630
.903

28

Figure 6: Average Percent Body Fat Pre and Post Test with 95%CI Bars

Average difference in HgA1c was not statistically significant (p=0.370). The
average (+SE) HgA1c increased from pre to post intervention by 0.063% + 0.065.

Table 8: Hemoglobin A1c Difference Pre and Post Walking Workstation

HgA1c (%)

Mean
Std.
Std.
Difference Deviation Error Mean
-0.06250
.18468
.06529

95% Confidence
Interval
of Difference
Lower
-.21690

Sig.
Upper
(2- tailed)
.09190
0.370
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Figure 7: Average HgA1c Pre and Post Test with 95%CI Bars

24-Hour Diet Recall Data
A 24-hour diet recall was conducted before and after the use of the walking
workstation. Diet Analysis plus (DA+) Version 10.0 was used to determine total calorie
intake. A students paired sample t-test was performed to compare dietary intake before
and after the use of the walking workstation. Total calorie intake was not significantly
different between the two tests (p = 0.465). Caloric intake data is given in Table 9.
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Table 9: Average Difference in Total Calories Consumed Pre and Post Walking
Workstation
95% Confidence
Interval
of Difference
Mean
Std.
Std.
Sig.
Calories (kcal)

Difference Deviation Error Mean
Lower
Upper (2- tailed)
-149.125 545.891 193.00171 -605.50151 307.25151
.465

Work Productivity Variables
Corrected typing speed (measured in a percent: (words typed-errors)/total wpm
typed) and mouse clicking (measured in seconds) was determined for pre, mid, and post
testing. Descriptive statistics were used to determine average typing scores and mouse
clicking scores, typing and mouse clicking scores with a factor of body position (standing
or walking), and typing and mouse clicking scores with a factor of testing time (pre, mid,
post). Analysis of Variance (ANOVA) was used to determine statistical significance of
position, test time, and position*test session for both mouse clicking and typing. A
MANOVA was used to determine statistical significance of combined dependent
variables (mouse clicking and typing test results) during position, test session, and
position*test session.
Total corrected typing percent for all tests is presented in Table 10 with standard
deviation and 95% confidence intervals. The average corrected typing percent from all
typing tests performed was 95.1% + 0.55. Data was factored by typing position (standing
or walking) and is presented in Table 11. Corrected typing percent was 95.3% + 0.72 and
94.9% + 0.86 during standing and walking respectively, with a decrease of 0.4% between
standing and walking. Data for the corrected typing percent factored by test session (pre,
mid, post) is found in Table 12. The average corrected typing percent was 94.0% + 0.92,
95.4% + 1.02, and 95.8% + 0.94 for pre, mid, and post testing, respectively, indicating

31

over testing time the corrected typing percent increased by 1.8%. Table 13 contains the
results from the ANOVA. No significant difference was found between position
(f=0.093, df= 1, and p=0.762), testing session (f=0.970, df= 2, and p=0.388), and
position*testing session (f=0.360, df= 2, and p=0.700).
Figures 8 and 9 demonstrate the distribution spread of results factored by body
position and testing session. The interaction of the pre, mid and post testing during
standing and walking is found in Figure 10. An interaction was found between mid and
post testing. During both pre and post testing the corrected typing speed decreased from
standing to walking. However, during mid testing the corrected typing percent increased
from standing to walking.

Table 10: Total Typing Speed (Percent Corrected)
Statistic
Typingpercent

Mean
95% Confidence
Interval for Mean

Lower Bound
Upper Bound

Std. Deviation

95.0779
93.9639
96.1919
3.83656

Std.
Error
.55376

Table 11: Typing Speed (Percent Corrected) Factored by Typing Position (Standing
and Walking) on the Walking Workstation
Position
Std.
Statistic
Error
Typingpercent Standing Mean
95.2508
.71635
95% Confidence
Lower Bound
93.7689
Interval for Mean
Upper Bound
96.7327
Walking

Std. Deviation
Mean
95% Confidence
Interval for Mean
Std. Deviation

Lower Bound
Upper Bound

3.50939
94.9050
93.1285
96.8615
4.20716

.85878
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Table 12: Typing Speed (Percent Corrected) Factored by Test Session (Pre, Mid,
and Post) on the Walking Workstation
Testing Session
Std.
Statistic
Error
Typingpercent Pre
Mean
93.9906
.92077
95% Confidence
Lower Bound 92.0280
Interval for Mean
Upper Bound 95.9532
Mid

Post

Std. Deviation
Mean
95% Confidence
Interval for Mean
Std. Deviation
Mean
95% Confidence
Interval for Mean

Lower Bound
Upper Bound

3.68308
95.3975
93.2337
97.5613
4.06078
95.8456

Lower Bound
Upper Bound

Std. Deviation

1.01520

.93763

93.8471
97.8441
3.75054

Table 13: ANOVA- Typing Speed (percent corrected) on Position and Test Session
Source

Type III Sum
of Squares
42.533a
1.435
29.979
11.118

df

Corrected Model
5
Position
1
Testing Session
2
Position * Testing
2
Session
a. R Squared = .061 (Adjusted R Squared = -.050)

Mean Square
8.507
1.435
14.990
5.559

F
.550
.093
.970
.360

Sig.
.737
.762
.388
.700
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Figure 8: Distribution of Typing Percent Data Factored by Typing Position
(Standing or Walking)

Figure 9: Average Typing Percent (corrected) Factored by Test Session (pre, mid,
and post)
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Figure 10: Interaction of Body Position on Typing Speed (Percent Corrected)
during Pre, Mid, and Post Walking Workstation
Test
Session

Total average mouse clicking speed is presented in Table 14 with standard
deviation and 95% confidence intervals. The average mouse clicking speed was 45.77s +
1.0. Mouse clicking speed factored by body position (standing or walking) is presented in
Table 15. The average corrected typing percent was 47.04s + 1.48 and 44.5s + 1.33 in
standing and walking, respectively. The average change in mouse clicking speeds from
all standing and walking results was a decrease by 5.4%. Data for the mouse clicking
speed factored by timing of test (pre, mid, post) is found in Table 16. The average percent
corrected was 49.56s + 1.93, 44.38s + 1.40, 43.38s + 1.50 for pre, mid, and post testing,
respectively. The average change in mouse clicking speeds determined from testing
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session was 10.5% (pre to mid), 2.3% (mid to post), and 12.5% (pre to post (significant
decrease)). Table 17 presents the results from the ANOVA. There was no significance
between mouse clicking and body position (f=1.818, df= 1, p=0.076) and mouse clicking
and body position*testing session (f= 0.367, df= 2, p=.695). However, there was a
significance between mouse clicking and test session (f= 4.140, df= 2, and p=0.023).
Tukey’s post hoc analysis found that between the pre and post test the average difference
was statistically significant (p<0.05).
Figures 11 and 12 demonstrate the distribution spread of results factored by body
position and testing session. One outlier is found in Figure 12 during pre testing. The
interaction of the pre, mid and post testing during standing and walking is found in Figure
13. No interaction was found between testing. During pre, mid, and post testing the
mouse clicking speed decreased with walking.
Table 14: Total Mouse Clicking Speed (seconds)

Mouse Mean
95% Confidence Interval Lower Bound
for Mean
Upper Bound
Std. Deviation

Statistic Std. Error
45.7708
.99922
43.7607
47.7810
6.92279

Table 15: Mouse Clicking Speed (seconds) Factored by Typing Position (Standing
and Walking) on the Walking Workstation
Position
Statistic
Mouse

Standing

Mean
95% Confidence Interval Lower Bound
for Mean
Upper Bound
Std. Deviation

47.0417
43.9853
50.0980
7.23806

Std. Error
1.47746
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Walking

Mean
95% Confidence Interval Lower Bound
for Mean
Upper Bound
Std. Deviation

44.5000
41.7578

1.32561

47.2422
6.49414

Table 16: Mouse Clicking Speed (Seconds) Factored by Test Session (Pre, Mid, and
Post) on the Walking Workstation
Testing Session
Mouse

Pre

Statistic Std. Error
49.5625
1.92780

Mean
95% Confidence Interval
for Mean

Mid

Lower Bound
Upper Bound

Std. Deviation
Mean
95% Confidence Interval
for Mean

Post

Lower Bound
Upper Bound

Std. Deviation
Mean
95% Confidence Interval
for Mean

Lower Bound
Upper Bound

Std. Deviation

45.4535
53.6715
7.71119
44.3750

1.39605

41.3994
47.3506
5.58420
43.3750

1.49965

40.1786
46.5714
5.99861

Table 17: ANOVA- Total Mouse Clicking (seconds) on Position and Test Session
Source
Corrected Model
Position
Testing Session
Position * Testing
Session

Type III Sum of
Squares
461.854a
77.521
353.042
31.292

+ Statistically significant p<0.05.
a. R Squared = .205 (Adjusted R Squared = .110)

df
5
1
2
2

Mean
Square
92.371
77.521
176.521
15.646

F
2.167
1.818
4.140
.367

Sig.
.076
.185
.023+
.695
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Figure 11: Distribution of Mouse Clicking Speed Factored by Typing Position
(Standing or Walking)

Figure 12: Distribution of Mouse Clicking Speed Factored by Test Session (Pre,
Mid, and Post)
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Figure 13: Interaction of Body Position on Mouse Clicking Speed during Pre, Mid,
and Post Walking Workstation
Test
Session

The MANOVA, combined the typing (percent corrected) and mouse clicking
speed results. No statistically significant (p=0.371) difference was found between
position and the dependent variables (mouse clicking and typing speed corrected). The
test session and combined dependent variables were not significant (p<0.091). No
statistical significance (p<0.839) was found between both independent variables and
dependent variables.
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Table 18: MANOVA: The Effect of Body Position and Test Session on Combined
Mouse Clicking (seconds) and Typing Speed (percent corrected)
Effect
Intercept

Position

Testing
Session

Position *
Testing
Session

Pillai's Trace
Wilks' Lambda

Value
.999
.001

F
16438.24a
16438.24a

Error
Hypot. df
df
Sig.
2.000 41.00 .000
2.000 41.00 .000

Hotelling's Trace
Roy's Largest Root
Pillai's Trace

801.865
801.865
.047

16438.24a
16438.24a
1.017a

2.000 41.00 .000
2.000 41.00 .000
2.000 41.00 .371

Wilks' Lambda

.953

1.017a

2.000 41.00 .371

Hotelling's Trace

.050

1.017a

2.000 41.00 .371

Roy's Largest Root

.050

1.017a

2.000 41.00 .371

Pillai's Trace

.180

2.078

4.000 84.00 .091

Wilks' Lambda

.820

2.139a

4.000 82.00 .083

Hotelling's Trace

.220

2.195

4.000 80.00 .077

Roy's Largest Root

.219

4.604b

2.000 42.00 .016

Pillai's Trace

.035

.374

4.000 84.00 .826

Wilks' Lambda
Hotelling's Trace
Roy's Largest Root

.965
.036
.021

.366a
.357
.450b

4.000 82.00 .832
4.000 80.00 .839
2.000 42.00 .641

a. Exact statistic
b. The statistic is an upper bound on F that yields a lower bound on the significance level.

Subjective Data
A questionnaire was given at the end of the study (see Appendix II). Responses
were given by a Likert scale: 1= strongly agree, 2= agree, 3= neutral, 4=disagree, and 5=
strongly disagree. Table 15 provides the mean, 95% confidence interval, and standard
deviation for questions 1, 2, 3, 4, 6, and 7. Question 5 was omitted since no subjects had
joint pain prior to the use of the walking workstation. On average, subjects disagreed
(4.25) that “the workstation was too noisy”. The average score for, “my productivity
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improved while using the workstation” was neutral (3.12). Disagree to neutral was the
average score for question 3, “I was more tired at the end of the day with workstation”.
On average the subjects that had back pain prior to the use of workstation, had less back
pain after the use of the workstation. The subjects that suffer from muscle aches had a
neutral opinion that the workstation reduced muscle aches. Lastly, if the workstation were
an option for use, the subject agreed they would use the workstations.
Additionally, subjects were asked to give their personal thoughts on how they felt
about the walking workstations. The majority of subjects felt they would use the walking
workstations more if they were closer to their office. Several subjects perceived they “felt
better” after the use of the walking workstation.

Table 19: Mean, 95% Confidence Interval, and Standard Deviation of the
Questionnaire Responses
Question
Statistic Std. Error
Question 1: The workstation is too noisy.
Mean
95% Confidence Interval for Lower Bound
Mean
Upper Bound
Std. Deviation
Question 2: My productivity improved while using the
workstation.
Mean
95% Confidence Interval for Lower Bound
Mean
Upper Bound
Std. Deviation
Question 3: I was more tired at the end of the day with
the workstation.
Mean
95% Confidence Interval for Lower Bound
Mean
Upper Bound
Std. Deviation

4.2500
3.3846
5.1154

.36596

1.03510

3.1250

.35038

2.2965
3.9535
.99103

3.8750
3.0465
4.7035
.99103

.35038
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Question 4: I had less back pain using the
workstation.
Mean
95% Confidence Interval for Lower Bound
Mean
Upper Bound
Std. Deviation

2.5000
-3.8531
8.8531
.70711

.50000

Question 6: I had less muscle aches using the
workstation.
Mean
95% Confidence Interval for Lower Bound
Mean
Upper Bound

3.0000
-9.7062
15.7062

1.00000

Std. Deviation
Question 7: If this were an option, I would use it.
Mean
95% Confidence Interval for Lower Bound
Mean
Upper Bound
Std. Deviation

1.41421
2.0000
1.5531
2.4469
.53452

.18898

Chapter V- Discussion
In America, 34% of adults are overweight while another 34% are considered
obese, this growing number of overweight Americans have been associated with
increased sedentary behaviors and lower levels of nonexercise activity thermogenesis
(NEAT) (CDC 2010, Levine and Miller 2007 and Santos et al 2010). The purpose of this
study was to examine the effects of the walking workstation on work productivity and
selected physiological measurements. Research on the walking workstations is still
emerging with very few studies looking at the physiological benefits of the workstation.
This is one of the first studies to look at both work productivity (mouse clicking speeds
and typing tests) and selected physiological variables (resting blood pressure, resting
heart rate, weight, body mass index (BMI), percent body fat, hemoglobin A1c (hgA1c)).
The results of this study will add more understanding to the practicality of the walking
workstation and the possible health benefits of incorporating the walking workstation into
a typical sedentary job.
Subjects completed an eight week intervention incorporating the walking
workstation into their daily routine with no requirement of time usage. Resting blood
pressure, resting heart rate, weight, BMI, percent body fat, and hgA1c was measured
before and after the intervention. In addition, a mouse clicking speed test and typing test
was performed standing still and walking at 1.0 mph before, during (beginning of week
5), and at the end of the study. A twenty-four hour diet recall was completed before and
after the intervention to identify if diet changed during the study. Total calorie intake did
not significantly differ between pre and post testing, thus ensuring that any physiological

43

changes were not attributed to diet changes. Resting blood pressure, resting heart rate,
weight, BMI, percent body fat, and hgA1c were analyzed using paired t-tests, while
mouse clicking and corrected typing percent was analyzed using ANOVA test. Also, a
MANOVA was used to compare combined results of the mouse clicking and corrected
typing test due to changes in body position and/or test session.
Physiological Variables
Resting blood pressure (systolic and diastolic), heart rate, weight, BMI, percent
body fat, and HgA1c did not significantly change after the intervention. With very
minimal decreases in average blood pressure, weight, BMI, and percent body fat; the
results indicate no significant difference. The nominal increases in heart rate and HgA1c
were not statistically significant or physiologically relevant.
Contrary to the study’s results, prior research that observed the effects of
increased walking found that increasing total steps taken a day to 10,000 was seen to
improve glucose tolerance in eight weeks for eighteen overweight women (53.3y + 7.0,
BMI 35 kg/m2 + 5) and reduce blood pressure in thirty-two hypertensive males in twelve
weeks (Iwane et al 2000 and Swartz et al 2003). Although this study did not measure
steps taken per day, utilizing the workstation instead of sitting in a sedentary position
would assist in achieving the 10,000 steps a day requirement. Even low amount moderate
intensity exercise has been found to slow the worsening of lipid profiles and weight gain
(Kraus et al 2002). In another study completed by Johnson et al (2005), modest
reductions in physiological outcomes when nineteen type II diabetic patients chose a
walking speed (median 3.3km/h) and walked for the recommended volume
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(10,000steps/day) for sixteen weeks. Slattery et al (1988), completed a longitudinal
(seventeen to twenty year follow up) study with 3,043 male railroad workers. The study
found that increasing calories expended during leisure time physical activity by at least
1000kcal/week was reported to reduce coronary heart disease compared to sedentary
counterparts by 30-40% (Slattery et al 1988).
The lack of differences in findings seem most likely due to a limited intervention
time, small amount of participants, and inconsistency in workstation use (the
workstations were on average only used a little more than half (57.8%) of the
intervention- eight weeks). It is plausible that incorporating a longer intervention period
may yield significant differences in physiological measurements. A study completed by
Murphy et al (2006) found that a walking prescription of twice a week at 62% heart rate
max for eight weeks was not enough time to see significant improvements in
cardiovascular disease risk. It also has been reported that adherence to exercise is
influenced by the barriers of location and access (Lees et al 2005, Myers and Roth 1997,
and Sherwood and Jeffery 2000). The fact that most participants had to travel across
campus to access the workstation may have limited workstation use.
Work Productivity
Work productivity was measured by a mouse clicking test and typing test during a
pre, mid, and post intervention during standing and walking at 1.0mph. Mouse clicking
was measured in total time (seconds) it took the subject to click on thirty-five icons on
the computer, using Mouse Cursor Control Testing & Training. Corrected typing percent
was measured by having subjects type a given paragraph to determine words per minute
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(wpm). Corrected typing percent was calculated by dividing total words typed with errors
by total number of words typed.
No significant difference was found between corrected typing percent and body
position, test session, and body position*test session. Studies completed by Straker et al
(2009) and John et al (2008) both identified that walking on the workstation does
negatively affect typing speed during after one trial on the walking workstation. Straker
et al (2009) found that typing performance was significantly affected by the walking
workstation by decreasing typing speed by 6% on average when walking 1.6km/h and
3.2km/h. John et al (2008) found that average word per minute decreased by 9% when
walking on the workstations compared to sitting. Conversely, Edelson and Danoff (1989),
found no difference between the transcribing a word document during a seated and
walking position over six trials in five participants. The lack of significant differences
from this current study indicates that incorporating the walking workstation during the
typical work day does not affect the typing performance.
No significant difference was found between body position and mouse clicking
speed (p=0.185) nor between body position*timing of test (p=0.695). However, a
significant difference was found between test session and mouse clicking speed
(p=0.023). Tukey’s post hoc analysis identified a significant decrease in mouse clicking
speeds between the average pre and post testing scores. Two studies have found that
mouse performance decreases with walking on the walking workstation (Straker et al
2009 and John et al 2008). Straker et al (2009) observed mouse pointing performance and
found that during walking at 1.6km/h and 3.2km/h, mouse pointing speed decreased on
average of 14%. John et al (2008) found that during the use of the walking workstation,
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there was a decrease in both mouse clicking and mouse drag and drop by 8% and 6%
respectively. A limitation to the results of the mouse clicking test is that a possible
learning effect could have occurred from the standing to the walking test. However, the
results can be useful in identifying that with walking subjects could still perform the tasks
and continually improve (pre to post testing), thus indicating that the workstation does
not hinder mouse clicking skills.
An interaction of body position (standing and walking) on average corrected
typing percent was seen between mid and post testing. The mid test average typing
percent increased from standing to walking (95.1% to 95.9%) while the post testing
typing speed decreased (96.5% to 95.2%). The increase in typing test may be attributed to
testing error. The same typing paragraph was used for one subject and yielded a higher
walking test value. It should be noted that subjects utilized the workstations more before
mid testing (on average 52.2min/wk) than after mid testing (32.4min/wk). The interaction
of body position on mouse clicking decreased from standing to walking. Every mouse
clicking test following the pre test took less time in the standing position. This may be
attributed to a possible test effect, because icons were displayed in the same pattern for
every test. Overall, the data indicates that walking on the workstation did not hinder
mouse clicking capabilities.
The MANOVA identified a statistical significance (p<0.05) of body position on
combined scores of mouse clicking and corrected typing percent. Although not
statistically significant, test session and combined scores of mouse clicking and corrected
typing percent were trending towards significance (p<0.10). No statistical significance
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between body position and test session on combined mouse clicking and corrected typing
percent scores were observed.
Subjective Report
Despite measured work productivity, subjects felt neutral that their work
productivity did not improve or decrease while using the workstation. Subjects disagreed
that at the end of the day they were more tired after using the workstation. Lastly,
subjects agreed they would use the workstation if it was available to them. These findings
are comparable to Thompson et al (2008), who found that work productivity and feeling
of tiredness was not affected by incorporating the walking workstation. Subjects in the
aforementioned study also agreed that they would continue to use the workstation if it
was available to them (Thompson et al 2008).
Anecdotal comments indicated the workstation helped reduce back pain and that
the workstations were not too noisy. These comments are similar to the participant
comments that Thompson et al (2008) encountered. In addition comparable comments
[between Thompson et al (2008) and the current study] were made that the workstation
should be configured for specific jobs.
Lastly, subjects in this study commented on the obligation to travel to the
workstations. Subjects agreed that use was limited due to the need to travel to the
workstations. Myers and Roth (1997) found that in 432 young adults there was a least
squares factor load of 0.56 between the barrier of “convenience of location” and
readiness to exercise. In another study that examined the benefits and barriers of exercise
in exercisers and non-exercisers identified that the convenience of location and time as a
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limiting factor for exercise (Lees et al 2005). Sherwood and Jeffery (2000), speculate that
adherence to higher exercise level has a moderate relationship to access to necessary
facilities. Overall, the accessibility of the workstation was a factor in the low use and
total practicality of the workstation. The ability to work on the workstation can be
productive but impractical if the workstations are not easily accessible.
Limitations
A few limitations can be identified in this study. Primarily the location of the
workstations caused difficulty for a few subjects to utilize the workstation frequently.
Subjects were required to travel to the workstations to use them, thus causing the concept
of NEAT to be viewed more as exercise. Secondly, the small number of only university
working subjects (mostly women) limits the ability to generalize the practicality of the
workstation. Lastly, the time frame of the study may have conflicted with subject’s time
to use the workstation. Winter weather and holidays (spring break) seemed to reduce the
use of the workstation after mid testing (the last four weeks of the study). This is seen in
the fact that the average use for the first four weeks of the study was 52.2 minutes
compared to the last four weeks of the study, 32.4 minutes.
Conclusions
This current study is important to research because it observed the effects of the
walking workstation on work productivity and selected physiological variables over time
(eight weeks). Edelson and Danoff (1989) observed the effects of word processing over
six trials of sitting and walking completed in two weeks. John et al (2008) had their
subjects visit the walking workstation twice on two separate days to measure math and
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reading comprehension, typing test, and mouse clicking and drag and drop skills. Straker
et al (2009) only measured his subjects (thirty office workers) once performing computer
tests in six different workstation conditions (sitting, standing, walking at 1.6 and 3.2km/h,
and cycling at 5 and 30W). The study completed by Thompson et al (2008) was a six
week study; this included two weeks of measuring steps taken during a normal day (no
workstation use), two weeks acclimating to the workstation, and two weeks using the
workstation at a self selected pace.
A key component of this study is the fact that there was no time requirement for
the subjects to use the workstation. It was important to determine whether the subjects
would use the workstations if they had access to them. Subjects on average used the
workstations ~60% of the possible eight weeks of the intervention. The walking
workstation did not significantly improve blood pressure, heart rate, weight, BMI, body
composition, HgA1c, or typing skills. A significant improvement was seen in mouse
clicking time. Additionally, walking on the workstation did not significantly hinder
typing skills or mouse clicking ability.
In conclusion, this study was to identify the effects of the walking workstation on
work productivity and selected physiological variables. The walking workstation has the
potential to increase calories expended an hour to 100kcal (Levine and Miller 2007).
Incorporating the workstation does not affect work productivity therefore allowing
employees to continue to work while possibly assisting in decreasing weight with long
term use, consequently benefiting the user’s health.
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Conclusions
1. The walking workstation does not hinder work productivity.
2. Selected physiological benefits were not seen after the use of the walking
workstation after eight weeks.
3. Allowing free choice as to when to use the workstations, subjects only used the
walking workstation ~60% of the total study time.
Recommendations
1. Future research should require the use of the walking workstation two to three
hours a day to determine the effect on physiological benefits including weight
loss. It is important that diet muse be controlled to limit confounding variables.
2. It is important to provide the walking workstation in the same vicinity (building)
of the subjects to determine the true feasibility of the workstation for everyday
use.
3. Future studies should observe the effects of the walking workstation in
overweight children playing video games and internet use to determine energy
expenditure and benefits on weight.
4. Measuring physiological benefits of the walking workstation during case studies
may yield further insights on the effects of the walking workstation when access
and use are unlimited. Walking workstations located in offices would eliminate
the perceived barrier for participation.

51

5. Testing in a seated, standing and walking position with two trials for each body
position during the different testing sessions (pre, mid, and post). If possible
having different mouse clicking and typing tests would control potential test
effect.
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Appendices
Appendix I- 24 Hour Diet Recall
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Appendix II- Questionnaire
“When completing this survey, please consider only the last eight weeks you used the
Workstation. Please read the questions carefully as a favorable impression will
sometimes be reflected with a “strongly agree” answer and sometimes with a “strongly
disagree” answer”.

1. The new workstation is too noisy
Strongly Agree
Agree
Neutral

Disagree

Strongly Disagree

2. My (the volunteer’s) productivity improved while using the new workstation
Strongly Agree
Agree
Neutral
Disagree
Strongly Disagree
3. I (the volunteer seemed) was more tired at the end of the day with the workstation
Strongly Agree
Agree
Neutral
Disagree
Strongly Disagree
4. I had less back pain using the work station (if none, leave blank)
Strongly Agree
Agree
Neutral
Disagree
Strongly Disagree
5. I had more joint pain using the work station (if none, leave blank)
Strongly Agree
Agree
Neutral
Disagree
Strongly Disagree
6. I had less muscle aches using the workstation (if none, leave blank)
Strongly Agree
Agree
Neutral
Disagree
Strongly Disagree
7. If this were an option, I would use it
Strongly Agree
Agree
Neutral

Disagree

Strongly Disagree
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